One-third of the world's population is infected with Mycobacterium tuberculosis (M.tb), which causes tuberculosis. Mycobacterium tuberculosis cell envelope components such as glycolipids, lipoglycans and polysaccharides play important roles in bacteria-host cell interactions that dictate the host immune response. However, little is known about the changes in the amounts and types of these cell envelope components as the bacillus divides during in vitro culture. To shed light on these phenomena, we examined growth-dependent changes over time in major cell envelope components of virulent M.tb by using sodium dodecyl sulfate-polyacrylamide gel electrophoresis, thin-layer chromatography, mass spectrometry, immunoblotting and flow cytometry. Our studies provide evidence that major mannosylated glycoconjugates on the M.tb cell envelope change as M.tb grows in vitro on the widely used Middlebrook 7H11 agar. In particular, our compositional analyses show that from Day 9 to 28 the amounts of mannose-containing molecules, such as mannose-capped lipoarabinomannan, lipomannan and phosphatidyl-myo-inositol mannosides, change continuously in both the cell envelope and outer cell surface. Along with these changes, mannan levels on the outer cell surface also increase significantly over time. The implications of these differences in terms of how M.tb is grown for studies performed in vitro and in vivo for assessing M.tb-host recognition and establishment of infection are discussed.
Introduction
According to the World Health Organization, 8.8 million people were newly infected with M.tb and 1.4 million died of tuberculosis (TB) in 2010 (WHO. Tuberculosis fact sheet). The M.tb cell envelope is rich in mannosylated components such as arabinomannan (AM), mannan, mannose-capped lipoarabinomannan (ManLAM), LM, phosphatidyl-myo-inositol mannosides (PIMs) and glycoproteins (Torrelles and Schlesinger 2010) . Extensive studies have been conducted to understand the early interactions of M.tb with macrophages, its natural host cell niche. Mycobacterium tuberculosis cell envelope components such as glycolipids, lipoglycans and polysaccharides play important roles in bacteria-host interactions that dictate the host innate immune response (reviewed by Briken et al. 2004; Torrelles and Schlesinger 2010; Mishra et al. 2011) .
Despite their importance, to our knowledge, there are few studies published on the quantity and types of these components within the M.tb cell envelope as the bacillus matures in vitro and in vivo. Furthermore, these studies have been largely conducted using mycobacteria grown in broth, where increasing amounts of extracellular material are released from the bacteria over time (Lemassu et al. 1996; Schwebach et al. 2001; Dhiman et al. 2011) . Here, we hypothesized that virulent M.tb produces different amounts and types of major cell envelope components while M.tb matures on solid medium. We investigated the changes in ManLAM, LM and PIMs in whole cell lysates (WCL) and outer surface material (OM) obtained from M.tb grown on 7H11 agar plates for 9-28 days. Biochemical compositional analyses together with our immunoblotting and flow cytometry studies indicate that the levels of ManLAM, LM, PIMs and surface-exposed carbohydrates change significantly within the M.tb cell envelope over time.
Results

Changes in M.tb WCL mannosylated molecules over time
To evaluate the changes in lipoglycoconjugates (i.e., ManLAM, LM and PIMs) during the growth period of 9-28 days, WCLs, normalized by protein content (10 µg), were analyzed by 15% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) followed by periodic acid silver nitrate staining. As seen in Figure 1A and B, the levels of ManLAM and LM changed in a similar fashion over time. It appeared that Day 14 was the turning point for ManLAM/LM production on the M.tb cell envelope, i.e., from Day 9 to 14, the levels of ManLAM/LM decreased but then increased afterwards ( Figure 1B ). In contrast, the levels of PIMs increased steadily from Day 9 to 21, after which time they remained at the same level until Day 28 ( Figure 1B ). There were no significant changes in the overall molecular sizes of ManLAM/LM as depicted by a similar migration profile over time.
Since arabinose (Ara), mannose (Man) and myo-inositol (myo-Inos) are constituents of ManLAM/LM/PIMs, the levels of these sugar residues were determined by gas chromatography (GC). Figure 2A shows that Ara, Man and myo-Inos in WCL increase over time. In particular, the level of Man increases significantly from Day 9 to 28. In order to assess the source of the increase in mannose, WCL was extracted with Triton X-114 to separate lipidated from nonlipidated mannosylated M.tb cell envelope components. Figure 2B shows that after removing lipidated components (i.e., ManLAM, LM, PIMs and mannosylated lipoproteins) the levels of the carbohydrates left in the aqueous phase had carbohydrate profiles similar to that seen in intact WCL. The absence of ManLAM/LM/PIMs was verified by SDS-PAGE of the aqueous phase followed by periodic silver staining (data not shown). This suggested that hydrophilic molecules such as mannan, AM and/or mannoproteins contained in the aqueous phase contribute greatly to the increase in Man observed over time in WCL. To determine whether mannoproteins were the source of this accumulation of mannose, we treated the aqueous phase with proteinase K followed by extensive dialysis. Our results ( Figure 2C ) show an increase in Man in the aqueous phase despite proteinase K treatment, indicating that mannosylated proteins are not directly responsible for the increase in Man observed over time during M.tb growth on agar medium. To discern whether the increase in Man is directly related to AM, mannan or both, we calculated the Man:Ara ratio in the aqueous phase. Our results presented in Figure 2D show that the Man:Ara ratio increases from Day 9 forward suggesting that the increase in Man observed in WCL is due mainly to an increase in mannan and not AM, since the latter has been reported to contain twice as much Ara as Man (Lemassu and Daffé 1994) .
One of the unique features of ManLAM is its Man caps, which plays an important role in the interaction of M.tb with the host cell. The Man caps of ManLAM are positioned on the nonreducing end of its arabinan domain (Shi et al. 2008) . To address whether ManLAM from bacteria grown over time changes its surface exposure of Man caps, we analyzed ManLAM in WCL by western blot and Far-western blot. As seen in Figure 3A , all WCL samples showed positive reactivity to the anti-LAM monoclonal antibody (mAb) CS-35, which recognizes preferentially the nonmannose-capped terminal Araf 4 , Araf 5 and Araf 6 motifs of ManLAM with a greater affinity for the latter two (Kaur et al. 2002; Rademacher et al. 2007 ). As the results show ( Figure 3A and C), Araf 4 -, Araf 5 -and Araf 6 -containing ManLAM decreases from Day 9 to 28, although the total amount fluctuates during the same period of time ( Figure 1A and B). This implies that the ManLAM nonreducing terminal structures change over time of growth and, in particular, that the extent of Man capping increases thereby reducing the ability of CS-35 to bind to its epitopes. To explore this possibility, Far-western blot ( Figure 3B and D) analysis using the pulmonary collectin surfactant protein-D (SP-D), a protein that specifically recognizes the trimannoside caps of ManLAM and the single α(1 → 2)Manp branching residue of LM (Ferguson et al. 1999; Carlson et al. 2009) , showed that the level of SP-D bound ManLAM increases steadily from Day 9 to 28. Thus, our overall results in Figure 3 suggest that there is an increase in Man capping of ManLAM as M.tb grows over time.
Changes in mannosylated molecules in the M.tb OM over time The M.tb OM was purified as previously described (Daffé and Lanéelle 2001) and analyzed in parallel with the WCL. The results show that from Day 9 to 21 the total amount of PIMs increases to a small but significant extent in the OM ( Figure 4A and B), which is the same pattern as observed in WCL (Figure 1 ). In contrast, the changes in ManLAM and LM in the OM showed profiles different from those in the WCL, i.e., the amount of ManLAM in the OM fluctuated to a small degree from Day 9 to 28, while the level of LM decreased significantly from Day 9 to 28. Neutral sugar analysis of the OM obtained Growth-dependent changes in M.tb cell envelope components from M.tb grown at different time points also showed different or opposite profiles from those observed in the WCL. In particular, the amounts of Ara and myo-Inos decreased and Man kept steady over time in the OM ( Figure 4C ).
SP-D binding to the M.tb surface over time
Given that the collective data obtained from WCL and OM above all pointed toward increased mannosylation on the outer surface of M.tb over time in culture, we next turned our Ara ratio present in the aqueous phase after proteinase K digestion. Samples were normalized by protein content (100 µg protein). Student's t-test *P < 0.05; **P < 0.01 and ***P < 0.001. n = 3 for all graphs. attention to analyzing surface mannosylation in the context of intact bacteria. We used SP-D as a probe in flow cytometry experiments to evaluate changes in the degree of mannosylation on the M.tb surface over time. Our results in Figure 5 show that from Day 9 to 21 surface-bound SP-D increases significantly. Since the total amount of Man in the OM does not change over time, these results suggest rather that there is an increase in the exposure of SP-D reactive motifs [i.e. (1 → 2)Manp] on the M.tb cell surface over time.
Analysis of PIMs from M.tb grown over time Figures 1 and 4 indicate that the total quantity of PIMs on the M.tb cell envelope (WCL and OM) changes from Day 9 to 28. In order to establish which PIM species is altered over time, we further analyzed PIM content by thin-layer chromatography (TLC). As shown in Figure 6A and B, glycolipids from both WCL and OM were separated into four spots by one-dimension TLC. The corresponding spots from WCL and OM have a similar migration profile (Supplementary data, Figure S1A ). Matrix-assisted laser desorption-time of flight mass spectrometry (MALDI-TOF MS) analysis of purified spots from WCL and OM identified Spots 2, 3 and 4 as di-(PIM 6 ), tri-(Ac 1 PIM 6 ) and tetra-acylated PIM 6 (Ac 2 PIM 6 ), respectively ( Figure 6C) . Surprisingly, our results indicate that tri-acylated phosphatidyl-myo-inositol hexamannoside (AcPIM 6 ) (Spot 3) decreases significantly in the M.tb cell envelope over time of growth. This effect on AcPIM 6 was observed in both WCL ( Figure 6A and D) and OM ( Figure 6B and E), being more dramatic in the latter case. Conversely, a significant increase was observed for the most polar Spot 1. Although the identification of Spot 1 is still ongoing, our SDS-PAGE and compositional analyses revealed that Spot 1 migrates similar to PIMs by SDS-PAGE, and only contains Ara, Man and myo-Inos and fatty acids such 14:0, 16:0, 18:0 and tuberculosis stearic acid (TBST)] (Supplementary data, Figure S1B-D) . Thus, these data suggest that the polar Spot 1 may relate to the family of higher-order PIMs.
Impact of the M.tb age of growth in association with human macrophages Our results imply that as M.tb ages in culture, more lectinbinding Man motifs are exposed on its cell envelope surface. In order to evaluate the biological consequences of this observation further, we assessed the total association of M.tb grown for 9 or 28 days with human macrophages in monolayer culture, and the degree to which this association is mannose receptor (MR) dependent, i.e., inhibited by anti-MR Ab. Our results show that M.tb of these different ages associates with human macrophages to a similar extent (association in the presence of the immuoglobulin (IgG)-isotype control, Figure 7) ; however, the degree to which this association is due to mannan binding increases over time. This is indicated by a significant difference in the association of M.tb with the human macrophage MR, where there was a 56% decrease in association in the presence of anti-MR Ab in the case of 28-day-old M.tb versus a 22% decrease for 9-day-old M.tb (Figure 7) . Growth-dependent changes in M.tb cell envelope components
Discussion
In the laboratory setting, M.tb is usually cultured in either broth (using media such as Sauton's or Middlebrook 7H9) or on agar plates (such as Middlebrook 7H11 agar). It has been reported that as mycobacteria mature in broth culture, bacterial membrane vesicles or surface material mainly composed of exochelins, proteins, lipids and lipoglycans are shed (Lemassu et al. 1996; Prados-Rosales et al. 2011) and as a result the mycobacterial cell envelope composition at harvesting may be altered at different growth time points. However, little information is available regarding the nature of the cell envelope when M.tb is grown on solid agar over time. Furthermore, in the literature, there seems to be no consensus regarding the age of M.tb at harvesting for various research purposes. Previous studies, including ours, have used cultures in the range Days 9-14 from solid medium and 7 days to 6 weeks from broth culture with predicted viability in the range 50-90% (Schlesinger et al. 1994; Ortalo-Magné et al. 1995; Gobin and Horwitz 1996; Besra et al. 1997; Kaur et al. 2008; Arcos et al. 2011; Prados-Rosales et al. 2011; Torrelles et al. 2011) . Here, we investigated the time-dependent changes in major M.tb cell envelope components (i.e., mannosylated glycoconjugates) implicated in pathogenesis for M.tb grown on solid medium. Based on our own experience, Day 9 is an early stage of M.tb growth on 7H11 agar. In Days 9-28, the colonies spread out and become progressively drier on the plates. Thus, we compared the WCL and OM constituents of M.tb on Days 9, 14, 21 and 28 of culture on solid agar.
The presence of Man on the M.tb surface is important in influencing M.tb pathogenesis (Ehlers and Daffé 1998; Vimr et al. 2004; Torrelles and Schlesinger 2010; Krishna et al. 2011 ). Our study shows that Man levels in the M.tb cell envelope change over time, and thus, the nature of surface-exposed Man varies directly depending on the time when M.tb is harvested from agar plates. This fact may have important consequences for M.tb interactions with the host cell and subsequent immune response to infection in models of M.tb pathogenesis. Lipoglycans on the M.tb cell envelope are heterogeneous in size and structure. This heterogeneity is observed between different mycobacterial species and also within strains of the same species (Torrelles and Schlesinger 2010) . As a result of their structural differences, lipoglycans such as LAM and LM from different mycobacterial species trigger different immune responses [reviewed in Schlesinger et al. (2008) ; Rajaram et al. 2011] . Our data indicate that as M.tb grows on solid agar its major mannosylated cell envelope components vary in their biochemical nature, quantity and surface exposure. Growth on solid agar imparts an inherent heterogeneity whereby the harvested biomass contains older cells nearer the center of the colony which would presumably exist in a very different environment than cells at the periphery. Thus, the biochemical data presented reflect a population-wide analysis rather than single-cell analysis.
Our SP-D Far-western blot results suggest that as M.tb ages during in vitro growth, the amount of Man caps on ManLAM increases. The Man caps of ManLAM bind to the macrophage MR mediating M.tb phagocytosis and subsequent events by human macrophages, although this interaction varies for clinical isolates (Schlesinger 1993; Schlesinger et al. 1994 Schlesinger et al. , 1996 Torrelles et al. 2008) . Similarly, both LM and PIMs mediate receptor recognition and regulate cytokine, oxidant and T cell responses (Barnes et al. 1992; Chan et al. 2001; Gilleron et al. 2001; De la Salle et al. 2005; Torrelles et al. 2006) . We demonstrate that the levels of LM and PIMs change over time of culture in both WCL and OM. In particular, the level of LM and AcPIM 6 decreases dramatically from Day 9 to 28 in the OM.
According to Ortalo-Magné et al. (1995) , the outermost water-soluble cellular material of M.tb grown in broth culture is composed of 94-99% proteins and carbohydrates, where only a small fraction is of lipidic nature. In their studies of H 37 R v M.tb grown on Sauton's medium, no ManLAM and LM were reported in the OM/capsular material (Ortalo-Magné et al. 1995) or in the exocellular material (culture filtrate material) (Lemassu and Daffé 1994) . In contrast, our results with M.tb grown on solid medium show the presence of ManLAM, LM and PIMs in the OM and on the M.tb cell envelope surface. This discrepancy can be easily explained by the differences in growth conditions of the bacteria. Other published studies have been more akin to our results showing that the M.tb surface expression of mannose-capped AM during in vitro growth changes with culture age and is strain-dependent (Schwebach et al. 2001) . In this study, the authors used antibodies reacting against AM arabinan domains to determine that exposure of AM on the M.tb surface is dynamic and increases over time.
Accordingly, our results provide evidence that the decrease in CS-35 recognition (less Ara on the surface) of older cultures of M.tb correlates with its increase in SP-D recognition (more Man on the surface). Thus, based on our results, a simple explanation for this observation is that: (i) there is more Man on the M.tb cell surface of older cultures, (ii) there is more Man capping on ManLAM and/or AM, and/or (iii) there is different spatial conformation, disposition and/or location of Man within the cell envelope as M.tb ages in culture. In this regard, our previous studies (Carlson et al. 2009 ) and current results of SP-D binding to whole M.tb indicate that the degree of surfaceexposed Man (in the form of mannans) increases during time in culture. Since SP-D recognizes α(1 → 2)Man and α(1 → 3)Man linkages, our data cannot differentiate among the various surface-exposed constituents (e.g., ManLAM, LM, mannan, AM and mannoproteins); however, they indicate that there is an increase in Man as M.tb ages in culture which has implications for interactions with the host. Since studies using animal models have shown that surface-mannosylated OM components are produced during M.tb growth in vivo and that the amount of these components is dependent on the bacterial number per infected organ (Schwebach et al. 2001) , it is imperative that we learn more about the nature and role of the M.tb cell envelope and OM components during the course of infection in humans.
Materials and methods
Reagents and antibodies
Phosphate buffered saline (PBS) containing CaCl 2 and MgCl 2 was from Invitrogen (Grand Island, NY). 7H11 agar and oleic acid-albumin-dextrose-catalase (OADC) enrichment were from Cumulative densitometry analysis of (D) WCL and (E) OM. Samples were normalized by protein content (100 µg protein per lane). Student's t-test was performed for the densitometry analysis *P < 0.05; **P < 0.01 and ***P < 0.001, n = 3.
Growth-dependent changes in M.tb cell envelope components
Becton, Dickinson and company (Franklin Lakes, NJ). Glycerol, glass beads and bicinchoninic acid (BCA) kit were from Fisher Scientific (Pittsburgh, PA). CS-35 murine mAbs were kindly provided by the "TB Vaccine Testing and Research Materials" contract (NOI-AI-75320). Donkey anti-mouse antibody was from Santa Cruz Biotechnology (Santa Cruz, CA). Of note, 0.22 µm filters and S-protein fluorescein isothiocyanate (FITC) conjugate were from EMD Millipore (Billerica, MA). S-protein horseradish peroxidase (HRP) conjugate was from Bio-Rad (Hercules, CA). Lysing matrix B tubes containing 0.1 mm silica spheres were from MP Biomedicals (Solon, OH). Endotoxin free water was from Baxter (Deerfield, IL). All the chemicals were of the highest grade from Sigma-Aldrich (Saint Louis, MO) unless otherwise specified.
Growth and preparation of M.tb Mycobacterium tuberculosis strain H 37 R v (ATCC 27294) was grown on 7H11 agar plates (composed of 7H11 agar, 5% OADC enrichment and 0.5% glycerol, following the manufacturer's instructions) for 9, 14, 21 and 28 days at 37°C, 5% CO 2 . To obtain WCL, M.tb was harvested to lysing matrix tubes containing 1 mL of endotoxin free water. Mycobacterium tuberculosis bacilli were lysed by FastPrep-24 (MP Biomedicals, Solon, OH) for 12 cycles (maximum speed 6.5 and 20 s/cycle). An established method (Daffé and Lanéelle 2001) was adapted to obtain OM. In brief, freshly harvested M.tb was subjected to gentle physical friction by 3 mm sterile glass beads followed by centrifugation at 4°C 250 × g for 10 min. The supernatant contained water-soluble OM. Both WCL and OM were sterile filtered through 0.22 µm filters and subjected to protein analysis by BCA protein assay. Aliquots were kept at −80°C.
Gel electrophoresis of WCL and OM and immunoblotting
Fifteen percent SDS-PAGE was prepared in house freshly using 40% acrylymide/bis-acrylymide (Bio-Rad Laboratories, Hercules, CA). WCL and OM (10 µg of protein content) were separated at a constant current of 10 mA for stacking gels and 15 mA for resolving gels. Gels were stained with periodic acid and silver nitrate as described (Tsai and Frasch 1982; Shi et al. 2008) . For western blot, WCL separated by SDS-PAGE was transferred to a nitrocellulose membrane. After blocking, blots were incubated with the anti-LAM mAb CS-35 as the primary antibody and a donkey anti-mouse antibody as the secondary antibody followed by development with enhanced ChemiLuminescence western blot detection reagents (GE Healthcare, Buckinghamshire, UK). For Far-western blot, after transferring the samples to a nitrocellulose membrane, the blot was processed as described (Carlson et al. 2009 ). In brief, the blot was incubated with blocking buffer (20 mM Tris, 140 mM NaCl, 5 mM CaCl 2 , pH 7.4) containing 5% fatty acid free bovine serum albumin (BSA) for 3-5 h and 5 µg/mL SP-D in blocking buffer containing 1% fatty acid free BSA overnight. The blot was then labeled with S-protein HRP conjugate in blocking buffer containing 1% fatty acid free BSA followed by development and visualization as for western blot. Bands on the stained gel and immunoblots were analyzed by densitometry using the ImageJ program from the National Institute of Health (NIH) (n = 3). The densitometry approach used detects linear changes (Torrelles et al. 2004 ; and Supplementary data, Figure S2 ).
Carbohydrate and fatty acid analyses of WCL and OM by GC and gas chromatography-mass spectrometry WCL and OM (10 µg of protein content) and purified Spot 1 (5 µg) were hydrolyzed with 2 M trifluoroacetic acid in water at 120°C for 2 h. Using scyllo-inositol as the internal standard, hydrolyzed samples were reduced with sodium borodeuteride and acylated by acetate anhydride at 120°C for 1 h (Shi et al. 2008) . Resulting alditol acetates were analyzed using a gas chromatography-mass spectrometry (GC-MS) spectrometer (Thermo DSQII Trace coupled with GC Ultra) fitted with a Rtx-5MS column (30 m × 0.25 µm with 5 m of Intergra-guard, Restek, Bellefonte, PA) with an initial temperature of 150°C for 3 min, increased to 200°C at 2°C/min then to 250°C at 40°C/ min and held for 4 min. Peak areas of the individually separated alditol acetate were used for relative quantification. Fatty acid methyl esters were obtained and analyzed as previously described .
PIM analysis by TLC and MALDI-TOF MS WCL and OM (100 µg of protein content) were extracted sequentially by CHCl 3 /CH 3 OH (2:1 and 1:2, v/v) and CHCl 3 / CH 3 OH/H 2 O (10:10:3, v/v/v). The extracted lipid was separated on silica gel 60 aluminum-based TLC plates (Merck, Dardstadt, Germany) using CHCl 3 /CH 3 COOH/CH 3 OH/H 2 O (40:25:3:6). Total lipids were revealed by charring with 1% α-napthol/5% concentrated H 2 SO 4 in CH 3 CH 2 OH at 120°C. To identify the glycolipids separated by TLC, WCL and OM (1 mg of protein content) were extracted and separated on preparative TLC plates as above. The separated PIMs were then scraped off and re-extracted with the organic solvent as above for Spots 2-4 and with water for Spot 1 due to its high hydrophilicity. Purified PIMs were analyzed by MALDI-TOF MS (Bruker Daltonic Reflex III, Bruker Dalltonic, Billerica, MA) at negative ion mode using 2,5-dihydroxybenzoic acid as matrix.
SP-D binding to M.tb surface SP-D Neck + carbohydrate recognition domains (NCRD) was generated as described (Crouch et al. 2006 and kindly provided by Dr. Erika Crouch, Washington University. Bacterial single-cell suspensions (1.4 × 10 8 cells) were incubated in blocking buffer (3% fatty acid free BSA, 20 mM Tris, 140 mM NaCl, 5 mM CaCl 2 , pH 7.4) at room temperature for 1 h followed by the addition of SP-D NCRD to a final concentration of 5 µg/mL. To control samples, blocking buffer was added. After 1 h incubation, the bacteria were centrifuged at 4°C 14,000 × g for 10 min and washed twice with blocking buffer.
Bacteria were then re-suspended in 1 mL of blocking buffer with 0.1% S-protein FITC conjugate and incubated at room temperature for 1 h. After washing the cells twice with 2% fatty acid free BSA in PBS, the bacteria were fixed with 4% paraformadehyde for 10 min followed by re-suspension in PBS containing 2% BSA and detection on a BD FACS Canto II flow cytometer (BD Biosciences, San Jose, CA) at a wavelength of 488 nm.
Triton X-114 extraction and proteinase K digestion of WCL Mannosylated lipoglycoconjugates from WCL (1 mg of protein content) were extracted with 8% Triton X-114 shaking at room temperature for 1 h followed by phase separation at 60°C for 30 min. The aqueous phase containing glycoproteins, arabinomannan (AM), mannan and glucans was subjected to carbohydrate analysis by GC-MS as described above. Proteinase K (Life Technologies, Grand Island, NY) was added to the aqueous phase to a concentration of 2 mg/mL and incubated at 37°C overnight. The resulting digest was heated at 80°C for 30 min to denature the excess proteinase K prior to dialysis against endotoxin free water with membrane MWCO 2000 for 24 h.
Isolation and preparation of human macrophages
Following an approved OSU IRB protocol, monocyte-derived macrophage (MDM) monolayers were prepared from healthy tuberculin-negative human volunteers as previously described (Schlesinger 1993) . Monolayers (2 × 10 5 MDMs/well) for microscopy studies were obtained by adherence to acid-washed coverslips in 24-well tissue culture plates for 2 h at 37°C.
Association of M.tb with human MDMs
Mycobacterium tuberculosis association with MDMs in the presence or absence of anti-MR antibody or isotype control was performed as previously described . In brief, MDM monolayers were preincubated with anti-MR Ab or IgG isotype control (AbD Serotec, Raleigh, NC) at 10 µg/mL for 20 min at 37°C, 5% CO 2 to block MR activity followed by M.tb infection (used single-cell suspensions at multiplicity of infection 10:1) for 2 h at 37°C. MDM monolayers were washed to remove nonassociated bacilli, fixed in 10% aqueous formalin and washed again several times. Associated M.tb was then stained with rhodamine/auramine. The mean ± SEM of associated M.tb per MDM was determined by counting ≥300 consecutive MDM per coverslip using phase contrast and fluorescence microscopy . Experiments were performed in triplicate (three independent experiments using different donors for each time point evaluated).
Statistics
For all statistical analysis, two-tailed t-tests were performed using GraphPad Prism 5.0 (GraphPad Software, Inc., San Diego, CA) to determine the significance of difference between test and control groups.
Supplementary data
Supplementary data for this article is available online at http:// glycob.oxfordjournals.org/.
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